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OVER TEMPERATURE/PRESSURE SAFETY
DEVICE FOR DIESEL PARTICULATE
FILTERS

CROSS-REFERENCE TO RELATED D
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(¢) of U.S. Provisional Patent Application No. 61/5351,794,
filed on Oct. 26, 2011, and U.S. Provisional Patent Applica- 1©
tion No. 61/594,158, filed on Feb. 2, 2012, which are hereby
incorporated by reference 1n their entirety.

BACKGROUND OF THE INVENTION

15

1. Field of the Invention

The present invention generally relates to exhaust gas aiter-
treatment devices and more particularly to safety devices and
systems for exhaust gas aftertreatment devices.

2. Description of the Related Art 20

A diesel engine uses the heat of compression to initiate
1gnition to burn the fuel 1njected 1nto the combustion cham-
ber. This process typically results 1n imperfect combustion
due to the non-uniform distribution of fuel and air during
combustion. As a result, noxious particulates are generated. 25
These particulates are mainly particulate matter (PM or soot),
unburned hydrocarbons, and sultfur oxides.

Many diesel engines therefore are equipped with particu-
late reduction systems to reduce the amount of particulates
released to the atmosphere. These particulate reduction sys- 30
tems may take the form of passive-regeneration systems that
trap particulates with a catalytic filter. The systems with filters
catalytically oxidize the trapped particulates at a given tem-
perature or higher.

However, such passive regeneration systems may encoun- 35
ter an abnormal condition as a result of the engine being
operated beyond the time frame within which the filter should
have been regenerated. These abnormal conditions may lead
to an over temperature or over pressure condition 1n the filter,
which may result in damage to the filter and/or the engine. 40

Other particulate reduction systems may take the form of
active-regeneration filter systems that trap particulates with-
out the use of a catalyst. These active-regeneration filters use

an external source of heat to mitiate the filter regeneration.
45

SUMMARY OF THE INVENTION

Thus, a device, system and/or method that can be used to
protect at least one of the engine and the filter 1n such situa-
tions 1s desired. In some configurations, a safety device, sys- 50
tem, and/or method for reducing the likelithood of over tem-
perature or pressure conditions within a diesel particulate
filter are desired. In some configurations, the safety device
desirably reduces the likelihood of diesel particulate filters
(DPFs) from reaching a condition where the filter has become 55
overloaded to the point that the particulate accumulated
within the filter presents a potential over temperature condi-
tion that could damage the integrity of the substrate of the
filter and the filter housing.

In some configurations, a safety device for an exhaust gas 60
altertreatment system comprises a valve, a pressure relief
device, and a controller. The valve 1s located upstream of a
first diesel particulate filter and a second diesel particulate
filter. The pressure reliel device 1s located upstream of the
second diesel particulate filter. The controller 1s configured to 65
control an actuator which operates the valve between an open
state and a closed state when the system detects one or more

2

of a predetermined temperature condition and a predeter-
mined pressure condition within the first diesel particulate

filter.

In some configurations, a safety device for an exhaust gas
altertreatment system comprises a body containing a diesel
particulate filter, an exhaust gas inlet tube connected to an
exhaust pipe, an exhaust gas outlet tube connected to a second
end of the body, a rupture disk, and a valve. The exhaust gas
inlet tube 1s connected to a first end of the body and 1s adapted
to introduce exhaust gas to the diesel particulate filter. The
exhaust gas outlet tube 1s connected to a second end of the
body and 1s adapted to emit treated exhaust gas. The rupture
disk 1s located within the exhaust gas inlet tube upstream of
the diesel particulate filter. The valve 1s located within the
exhaust pipe upstream of the exhaust gas inlet tube such that
the valve can redirect exhaust gas into the exhaust gas inlet
tube.

In some configurations, an exhaust gas altertreatment
device comprises a first diesel particulate filter, a second
diesel particulate filter, a valve, and a control means for con-
trolling operation of the valve. The first diesel particulate
filter has a first exhaust gas inlet connected to an exhaust pipe
configured to introduce exhaust gas into the first diesel par-
ticulate filter and a first exhaust gas outlet for emitting treated
exhaust gas. The second diesel particulate filter has a second
exhaust gas inlet connected to an exhaust pipe to mtroduce
exhaust gas into the second diesel particulate filter and a
second exhaust gas outlet for emitting treated exhaust gas.
The second exhaust gas inlet further comprises a pressure
relief device upstream of the second diesel particulate filter.
The valve 1s located within the exhaust pipe upstream of the
first diesel particulate filter and 1s controlled by a control
means.

In some configurations, a method for controlling an
exhaust gas aftertreatment system comprises the steps of
determining whether a maximum saie level of particulate
loading on a particulate filter ol the exhaust gas aftertreatment
system has been reached; determining whether a pre-set time
limit has been reached; activating a safety device configured
to redirect a tlow exhaust gas from the particulate filter of the
exhaust gas aftertreatment system 1f the maximum safe level
of particulate loading has been reached; and activating the
satety device configured to redirect the flow of exhaust gas
from the particulate filter of the exhaust gas aftertreatment
system 11 the pre-set time limit has been reached.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects and advantages of certain
embodiments of the present invention will be described with
reference to the following drawings.

FIG. 1 1s a schematic representation of a safety device and
an exhaust gas aftertreatment device that i1s arranged and
configured 1n accordance with certain features, aspects and
advantages of the present invention.

FIG. 2A 1s a representation of a safety device and an
exhaust gas altertreatment device.

FIG. 2B 1s a perspective view of the safety device and the
exhaust gas aftertreatment device shown 1n FIG. 2A.

FIG. 3 1s a perspective view of the safety device.

FIG. 4 15 a schematic representation of an electronic con-
trol system configured to control a valve within the safety
device.

FIG. 51s a flow diagram depicting a process for performing,
a diagnostic test of a safety valve of a safety device that 1s
arranged and configured 1n accordance with certain features,
aspects and advantages of the present invention.
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FIG. 6 1s a flow diagram depicting a process for determin-
ing whether to perform a valve diagnostic process such as that
described 1n FIG. 3.

FIG. 7A 1s a flow diagram depicting a partial method of
operation of the safety device.

FI1G. 7B 1s a flow diagram continuing the method of opera-
tion of the satety device depicted 1n FIG. 7A.

FIG. 7C 1s a flow diagram continuing the method of opera-
tion of the satety device depicted 1n FIG. 7B.

FI1G. 7D 1s a flow diagram continuing the method of opera-
tion of the satety device depicted 1n FIG. 7C.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 1llustrates a satety device 100 for a diesel exhaust
gas altertreatment system 110. The illustrated safety device
100 desirably reduces the likelihood that a particulate over-
loading condition within a diesel particulate filter (DPF) 140
of a diesel exhaust gas aftertreatment system 110 may result
in excessive temperatures and pressures that could damage
the substrate of the particulate filter. In some configurations,

the satety device 100 reduces the likelihood of damage to the
DPF 140 by physwally removing the DPF 140 from the
exhaust stream 1n response to specific, predetermined condi-
tions that are suspected of promoting auto-regeneration con-
ditions, which may 1involve excessive heat and pressure. The
satety device 100 may be used with any diesel exhaust atter-
treatment system, including the system disclosed mm U.S.
Patent Publication No. 2011/0041478 A1, which 1s hereby
incorporated by reference 1n its entirety.

In some configurations, the satety device 100 desirably
reduces the likelihood of a thermal runaway event within the
DPF 140 because the satety device 100 desirably reduces the
likelihood of the operator 1gnoring warnings and alarms emut-
ted by the system indicating a likely overloaded condition
within the substrate of the DPF 140. As a result, the safety
device 100 reduces the likelihood of an over temperature
condition within the metal, ceramic, or silicon carbide filter
substrate due to a regeneration event of the DPF 140 1n an
overloaded condition.

With reference still to FIG. 1, 1n some configurations, the
satety device 100 1s designed as part of an exhaust aftertreat-
ment system 110 containing a diesel particulate filter (DPF)
140. In some configurations, the addition of the safety device
100 does not significantly alter the filtering capacity, efli-
ciency, or general operation of the DPF 140 during normal
operation. For example, the safety device 100 desirably
reroutes engine exhaust flow and reduces the likelihood of
engine exhaust flow to the DPF 140 in the event of an adverse
operational condition that could otherwise result in a thermal
runaway event. By reducing the likelihood of exhaust flow to
the DPF 140 under certain abnormal operating conditions,
oxygen and heat desirably are rerouted away from the filter
system and therefore are less likely to contribute to a thermal
event within the DPF. Therefore, the satety device 100 desir-
ably reduces the likelihood of a thermal condition that may
melt or otherwise damage the substrate of the DPF 140 or
cause other damage to the exhaust aftertreatment system 110.

As shown schematically in FIG. 1, a diesel engine 120 has
an exhaust gas outlet 121 that 1s connected to engine exhaust
pipe 122. The exhaust gas outlet 121 can be the outlet of an
exhaust manifold, a conduit downstream from the manifold
or the like. Exhaust gas from the engine 120 tlows through the
exhaust pipe 122 towards the exhaust aftertreatment system

110.
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In the illustrated configuration, the exhaust aftertreatment
system 110 comprises a diesel particulate filter (DPF) 140
contained within a housing. The housing includes an exhaust
gas inlet 142 and an exhaust gas outlet 144. During normal
operation of the exhaust aftertreatment system 110, including
the diesel particulate filter 140, exhaust gas tlows from the
inlet 142, through the DPF 140, to the outlet 144. Within the
DPF 140, the exhaust gas 1s filtered of particulates.

In some configurations, a thermocouple 152 can be placed
at or near the exhaust gas inlet 142 of the DPF 140. The inlet
thermocouple 152 can measure the temperature of exhaust
gas entering the DPF 140. In some configurations, a thermo-
couple 154 can be placed at the exhaust gas outlet 144 of the
DPF 140. The exhaust thermocouple 154 can measure the
temperature of exhaust gas exiting the DPF 140. Other tech-
niques also can be used to measure the temperature of the
exhaust gases entering or exiting the DPF 140.

With continued reference to FIG. 1, a satety device 100 can
be located upstream of the DPF 140. In some configurations,
the safety device 100 1s located along the flow of exhaust
gases from the engine 120 to the outlet 144 of the DPF 140. In
some configurations, the safety device 1s located closer to the
exhaust outlet 121 (e.g., at the end of the exhaust manifold)
than to the DPF 140. In some configurations, the satety device
1s located closer to the DPF 140 than to the exhaust outlet 121.
In some configurations, the safety device 100 1s located
immediately before the inlet to the DPF 140. In some con-
figurations, no other conduit 1s positioned between the satety
device 100 and the DPF 140. In some configurations, the
satety device 100 1s coupled directly to the DPF 140.

With continued reference to FI1G. 1, the illustrated safety
device 100 generally comprises a safety valve 124, a coupling
125, a secondary exhaust tube 126, a rupture disk contained
within a housing 128, and a min1 DPF filter 130. When the
altertreatment system 110 senses an abnormal condition
within the DPF 140, such as an overloaded condition, the
satety device 100 will reduce the likelihood of exhaust gas
flow from the engine to the DPF 140 by closing the valve 124.
Upon closure of the valve 124, exhaust gas will flow from the
engine 120, through the exhaust pipe 122 and into the cou-
pling 125. In some configurations, flow through the DPF 140
will be stopped by the valve 124. In some configurations, the
coupling 125 can provide a secondary exhaust gas flow route
from the engine 120. As engine exhaust gas passes nto the
secondary exhaust tube 126, pressure will build up within the
secondary exhaust tube 126. The rupture disk contained
within the housing 128 desirably will rupture when exposed
to backpressure above the pressure rating of the rupture disk.
This backpressure condition may occur, for example, when
exhaust gases are rerouted due to closure of the safety valve
124 or, by way of another example, if exhaust system pres-
sures climb too high due to overloading of the DPF 140
because of an accumulation of particulate matter. Upon rup-
ture, exhaust gas will flow 1nto the min1 DPF 130, where 1t 1s
filtered before being emitted to the atmosphere through the
safety device exhaust outlet 134.

In some configurations, the redirection of exhaust gas tlow
advantageously triggers a notification system that notifies the
operator that there 1s an 1ssue with the aftertreatment system
110. In some configurations, the triggering 1s automatic. Noti-
fication to the operator may be 1n the form of an audible hormn
or may use a DPF controller unit located within the cab of the
vehicle, for example but without limitation. The alert desir-
ably continues until the 1ssue with the DPF 140 and/or the
valve 124 1s resolved.

FIGS. 2A, 2B, and 3 illustrate one embodiment of the

satety device 100 that 1s arranged and configured 1n accor-
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dance with certain features, aspects and advantages of the
present invention. FIGS. 2A and 2B show the safety device
100 as part of a diesel exhaust aftertreatment system 110.
FIG. 3 shows the satety device 100 apart from a diesel exhaust
altertreatment system. As shown, the illustrated safety device
100 comprises the coupling 1235 to couple the safety device to
the exhaust pipe 122 associated with the diesel engine 120. As
shown 1 FIGS. 1, 2A and 2B, the safety device 100 prefer-
ably 1s coupled to the exhaust pipe upstream of the DPF 140.
The coupling 125 desirably provides an interface between the
satety device 100 and the DPF 140. In some configurations,
the coupling 125 allows for simple 4-bolt connection of the
satety device 100 to the exhaust aftertreatment system 110.
Any other suitable connection technique also can be used.

In some configurations, redirection of the flow of exhaust
gas from the DPF 140 to the safety device 100 occurs through
the closure of the safety valve 124. In some configurations,
the function of the safety valve 124 1s to close off the flow
passage Irom the engine 120 through the exhaust gas outlet
144 of the DPF 140. In some configurations, the function of
the safety valve 124 is to close off the flow passage through
the DPF 140. In some conﬁguratlons the function of the
safety valve 124 1s to close off the tlow passage through the
exhaust pipe 122 such that exhaust gas i1s substantially or
completely restricted from passing mto the DPF 140 and 1s
forced to exit the exhaust system by means of alternate rout-
ing through the satety device 100. The safety valve 124 may
be closed after the system senses or detects an abnormal
condition within the DPF 140 or upon indication or occur-
rence of other closure conditions, such as those discussed in
turther detail below, for example but without limitation.

The safety valve 124 can be a butterfly-style valve,
although other valve types may be used. In a preferred
embodiment, the valve 124 1s a double seal butterfly valve
such as those manufactured by Race Ready Performance,
LLC as part number 5410000 or 5510000. In some configu-
rations, the safety valve 124 has two position sensors 404,
406, which are schematically shown 1n FIG. 4, incorporated
within 1t 1n order for the system to recerve feedback and
confirmation that the valve 124 1s 1n a position requested by
the electronic control unit (ECU). Indication to the system of
valve position failure mitiates an error code within the ECU
and triggers a notification to the operator, as will be discussed
in further detail below.

When flow has been redirected to the safety device 100 due
to closure of the safety valve 124, for example, flow enters the
secondary exhaust tube 126. The secondary exhaust tube 126
desirably has a significantly reduced diameter as compared to
the exhaust pipe 122 from the engine. In some configurations,
the ratio of the diameter of the secondary exhaust tube 126 to
the diameter of the exhaust pipe 122 1s less than 1. In some
configurations, the diameter of the secondary exhaust tube
126 may be less than one half the diameter of the exhaust pipe
122. In some configurations, the diameter of the secondary
exhaust tube 126 may be less than one quarter the diameter of
the exhaust pipe 122. The smaller diameter of this tube 126
produces a backpressure etffect on the engine 120, resulting in
decreased engine performance which desirably provides
another indication to the operator of an abnormal condition
within the DPF 140.

As discussed above with reference to FIG. 1, when the
backpressure exceeds the pressure rating of the rupture disk,
the disk will rupture and allow exhaust gas to flow into the
minmi DPF 130. With further retference to FIGS. 2A and 2B, the
rupture disk 1s contained within the housing 128 to protect 1t
from exposure. The disk preferably can be housed within the
housing 128, which 1s a two-sided clamp-style housing 1n the
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6

illustrated configuration. Preferably, the housing 128 sub-
stantially evenly distributes clamping load around the outside
of the disk to provide substantially even loading under pres-
sure. The housing 128 for the rupture disk has an inlet 208 and
an outlet 218 to allow exhaust gas to flow from the engine 120
and through the secondary exhaust tube 126 and into the mini
DPF 130 after the disk has been ruptured.

The rupture disk 1s positioned between the inlet 208 and the
outlet 218 of the housing 128. The rupture disk generally
blocks the flow of exhaust gas until suificient pressure causes
the disk to fail or burst. The rupture disk desirably functions
as a pressure reliel mechanism during normal operation of the
exhaust aftertreatment system 110 as well as when the safety
valve 124 1s closed and exhaust gases are forced out the
alternative routing. The rupture disk can be a hockey puck
shaped graphite disk that 1s placed directly in the alternate
exhaust flow path. In a preferred configuration, the rupture
disk may be a mono type graphite rupture disk manufactured
by Zook Enterprises, LLC, part number CF118306, with a
burst pressure of 15 psig at 100 degrees F. and a burst toler-
ance of +/-2 psi.

Upstream of the rupture disk housing 128 1s the coupling
125 and downstream of the rupture disk 128 1s the mini-DPF
filter 130. To generally protect the rupture disk from outside
tampering, the housing can be configured to thwart unautho-
rized access. In some configurations, for example, four %>
inchx3 inch long bolts may be welded to the fastener nuts
during installation to reduce the likelihood of undetected
access to the rupture disk within the housing 128. In some
configurations, the mini-DPF filter 130 1s located down-
stream of the rupture disk and the housing 128 and a bend 1s
included 1n the exit exhaust tube 134 of the safety device 100.
The bend 1n the exit exhaust tube 134 reduces the ability to
tamper with the rupture disk. In some configurations, the
bend 1s about 90 degrees. In some configurations, the bend 1s
greater than about 90 degrees. In some configurations, the
bend comprises multiple bends 1n differing directions.

Once the rupture disk has failed or burst, exhaust tlow
continues 1nto the mim DPF 130. The min1 DPF 130 1s desir-
ably an uncatalyzed mini filter and will collect particulate

matter from the exhaust stream. Additionally, the min1 DPF
130 desirably provides backpressure to the engine that
reduces engine performance and preferably forces the vehicle
operator to take action to correct the 1ssue relating to the
exhaust aftertreatment system 110 and the DPF 140. The mini
filter 130 desirably has a limited capacity to hold particulate
material and 1n a preferred embodiment will reach capacity
alter less than 15 minutes of operation of the engine after
closure of the safety valve 124. In some embodiments, capac-
ity of the min1 DPF 130 will result 1n backpressure exceeding
500 millibars, exceeding 750 millibars, or exceeding 1000
millibars. In a preferred embodiment, the mini filter 130 may
be an uncatalyzed silicon carbide filter manufactured by
Notox Ceramic Filters A/S (part number 5432100) or Lig-
Tech NA, Inc. (part number 5432200). In other configura-
tions, the mini filter 130 may be a ceramic diesel particulate
f1lter.

FIGS. 1,2A, 2B, and 3 also 1llustrate a preferred placement
of a thermocouple 132 within the safety device 100 down-
stream of the min1 DPF 130. Desirably, the thermocouple 132
will measure the temperature of the exiting exhaust gas.
These measurements desirably are used to indentity a condi-
tion in which the rupture disk 128 has failed or burst. In a
preferred embodiment, the thermocouple 132 may be made of
316 stainless steel with a K-type range of about 0200 to 1250
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degrees Celsius and an output between 0 and 50 mV, such as
those manufactured by SungYeon Sensor, part number

5433200.

In some configurations, such as that shown in FIG. 3, an
annunciator, such as a horn 416 for example but without
limitation, may be placed on the satety device 100 at the outlet
134 of the safety device or near the operator. In some con-
figurations, the annunciator can make an audible alert as a
result of exhaust gas tlow through one or more channel 1n the
annunciator such that the annunciator operates automatically
upon flow through the safety device. In some configurations,
as shown 1n FIG. 4, the annunciator or horn 416 desirably 1s
activated by the ECU whenever the safety valve 124 1s com-
manded closed, as will be discussed in further detail below.
The horn 416 may also be activated when the safety valve 124
1s suspected of malfunctioning. In one embodiment, the horn
416 1s commanded on by the ECU and obtains power from a
standard automotive relay. In a preferred embodiment, the
horn 416 1s a standard style “D” or vibration horn used on
existing trucks and automobiles.

To reduce the likelihood of outside tampering with the
annunciator 416, 1n a preferred embodiment, the horn 416
may be mounted 1n a tamper-proot box that exposes only the
front diaphragm surface of the horn 416. In such an embodi-
ment, the power wires of the horn 416 may exit the box
through a piece of metal conduit that extends away from the
annunciator 416 assembly and underneath the vehicle cab.

After the rupture disk has failed and exhaust gas 1s utilizing
the alternative exhaust path provided by the safety device 100,
vehicle operators desirably will be forced to take action to fix
the 1ssues with the DPF 140. Until the 1ssue with the DPF 140
1s fixed, the satety device 100 will produce a high decibel
sound, via the annunciator 416, which preferably 1s notice-
able both to the operator and others near the vehicle.

In some configurations, the safety device 100 1s configured
such that, as the mini filter 130 becomes increasingly loaded,
it causes significant performance reductions of the vehicle
engine and powertrain and desirably will reduce the likel:-
hood of the operator utilizing the full power potential of the
engine 120. Full performance of the engine desirably 1s real-
1zed atfter the 1ssue with the DPF 140 has been resolved and
alter replacement of the rupture disk and replacement of the
mim DPF 130 within the satety device 100.

Electrical Connections

FI1G. 4 1llustrates one embodiment of an interface between
the safety device 100 and the electronmic control unit (ECU)
410 of the exhaust aftertreatment system 110. In the 1llus-
trated configuration, the safety valve 124 i1s driven by an
actuator 402, which receives a control signal 408 from the
ECU 410. The control signal 408 signals the valve 124 to
open or close depending on the conditions sensed within the
exhaust aftertreatment system 110. Two sensors 404 and 406
are desirably provided within the safety device 100 to monitor
the open or closed status of the safety valve 124. In some
configurations, a single sensor can be used. The illustrated
thermocouple 132 can be placed 1n the exit of the mini DPF
130 to monitor the temperature of the exhaust gas leaving the
mim DPF 130. The temperature of the exhaust gas leaving the
mini DPF 130 can be sent to the ECU 410. The horn or other
annunciator 416 desirably 1s connected to the ECU 410
through a relay 414. When the system determines that the
satety valve 124 1s closed or upon other conditions as
described below, the ECU 410 sends a signal that activates the
annunciator 1n order to provide an audible alert of an unde-
sirable condition within the DPF system 140. Power to the

ECU 410 desirably 1s provided by the vehicle battery 412.
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Diagnostic Check Routine
As discussed above, the safety valve 124 1s used to change

the tlow path of engine exhaust gases from passing through
the DPF 140 to passing through the mini-DPF 130 of the

satety device 100. Accordmgly, if the satety valve 124 1s not
operating properly, there 1s a risk of the safety device being
ineflective. Accordingly, a tlow diagram illustrating a process
500 of performing a diagnostic check of the satety valve 124
1s shown 1n FIG. 5. The process can be performed when the
engine 1s stopped, prior to the engine being started or at any
suitable time period. In some configurations, the process 1s
initiated while the engine 1s off. In some such configurations,

the process 1s initiated during predetermined intervals while
the engine 1s oif.

The process 500 begins at start block 505 and transitions to
block 510 1n which instructions direct that the safety valve
124 1s commanded closed. In some configurations, the valve
124 1s closed for a predetermined period. In some configura-
tions, the valve 1s closed for a period of over 3 seconds.

With the safety valve 124 moved into a position that 1s
believed to be closed, the sensor 404 1s used to confirm

whether the valve 124 has closed. See 5135. If the sensor 404
confirms that the valve 124 has not closed, instructions are
given to determine whether this 1s the first failure condition.
See 520. If 1t 1s the first failure, then the command close
instruction 1s repeated. See 510. If, however, confirmation by
the sensor 404 that the valve 124 has closed has failed more
than once, instructions direct the valve 124 to be commanded
closed, an error code 1s set, an FERROR LED 1s 1lluminated for
display to the operator, and the annunciator 1s activated at the
next key ON event. See 525. Once this has been completed,
the process 500 ends. See 530.

However, 1f the sensor 404 confirms closure of the valve
124, instructions direct the valve 124 to be commanded open.
See 535. In some configurations, the valve 124 opens over a
period. In some configurations, the valve opens over the
course of 3 seconds.

Instructions then direct the sensor 406 to confirm whether
the valve 124 has opened as commanded. See 540. Similar to
the process described above, if the sensor 406 confirms that
the valve 124 has not opened, mstructions are given to deter-
mine whether this 1s the first failure. See 545. It 1t 1s the first
failure, then the command open 1nstruction 1s repeated. See
535. If, however, the sensor 406 has more than once failed to
confirm that the valve 124 opened as commanded, the valve
124 1s commanded closed, an error code 1s set, an ERROR
LED 1s illuminated, and the annunciator 1s activated at the
next key ON event. See 550. Once this has been completed,

process 500 ends. See 555.

However, the sensor 406 confirms that the valve 124 has
opened as commanded (see 340), instructions direct the valve
124 to be commanded open such that exhaust gas may tlow
into the DPF 140. See 560. The instructions then direct
recording a successtul valve diagnostic test (see 365) and the
process 300 ends (see 570).

Initiation of Valve Diagnostic Test

FIG. 6 depicts a process 600 for determining whether to run
a diagnostic check of the valve 124, as discussed above with
respect to process 500 depicted 1n FIG. 5. The diagnostic
check can be run during predetermined intervals while the
engine 1s not operating. In some configurations, the diagnos-
tic check 1s only mitiated while the 1gnition key 1s 1n the off
position.

Theprocess 600 begins (see 603) and 1nstructions are given
to determine whether an 1gnition key has been in the OFF
position for more than 30 seconds (see 610). An 1gnition key
in the OFF position indicates that the engine 120 1s not oper-
ating.
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If the 1ignition key has not been in the OFF position for more
than 30 seconds, mstructions are given to determine whether
an 1gnition key has been turned to the ON position during the
diagnostic process. See 615. An 1gnition key 1n the ON posi-
tion indicates that the engine 120 1s operating.

It the 1gnition key has been turned to the ON position,
instructions are given to open the valve 124 and start a counter
to 1nitiate the valve diagnostic process 500 outlined in FIG. 5

upon the next 1ignition key OFF event. See 620. The process
600 then ends. See 625.

If, however, the 1gnition key has not been turned to the ON
position during the diagnostic, the process 600 ends. See 630.

If the 1gnition key has been in the OFF position for more
than 30 seconds (see 610), instructions are given to determine
whether the valve diagnostic illustrated 1in FIG. 5 has been
performed at prescribed intervals. See 630. In some configu-
rations, these intervals may be after 1 hour of operation, after
8 hours of operation, and after each additional 8 hours of
operation after the first 8 hours of operation, for example but
without limitation. If the valve diagnostic has been performed
at each of the prescribed intervals, the process 600 ends. See
645. If, however, the valve diagnostic has not been performed
at the predetermined intervals, mstructions direct the perfor-
mance of the valve diagnostic process 500 1llustrated in FIG.
5. See 635. The process 600 then ends. See 640.

Method of Operation of Safety Device

A method of operation of the safety device 100 that 1s
arranged and configured 1n accordance with certain features,
aspects and advantages of the present invention 1s 1llustrated
in FIGS. 7TA-7D.

FI1G. 7A 1llustrates a method of operation that increases the
likelihood of completion of the valve diagnostic process out-
lined in FIG. 5. See 700. As illustrated, once started (see 705),
instructions are given to determine whether the valve diag-
nostic process, such as that illustrated 1n FIG. 5 for example
but without limitation, has been passed (i.e., successtully
completed) after each desired time interval of engine opera-
tion. See 710. In some configurations, the desired time inter-
val 1s after every 8 hours of engine operation, but other inter-
vals can be used.

If the valve diagnostic process 500 has not been executed
when the diagnostic 1s run after each desired period of engine
operation, 1structions direct the closure of valve 124 (i.e.,
blocking exhaust gas flow to the DPF 140), an error code 1s
set, an alarm 1s set that 1s visible to the operator, the annun-
ciator 1s activated, and DPF 140 regeneration 1s blocked. See
715. The process 700 then ends. See 720. It the valve diag-
nostic process 500 has been run and has been passed after
every desired period of engine operation, instructions direct
the performance of the next process 800, which 1llustrated in
FIG. 7B. See 725.

FI1G. 7B illustrates a method of operation that sets an alarm
code 1t specified temperatures are exceeded within the DPF
140. See 800. After the process 800 begins (see 805), instruc-
tions direct the determination of the temperature at the outlet
(To) of the DPF 140. See 810. In some configurations, the
temperature 1s measured by a thermocouple 154 that 1s
located at the outlet of the DPF 140. If the temperature To 1s
greater than or equal to about 750 degrees Celsius for two or
more consecutive readings, instructions direct the closure of
the valve 124, set an error code, set an alarm visible to the
operator, activate the annunciator, and block DPF 140 regen-
cration. See 835. In some configurations, the valve 124 is
commanded closed over a preset period of about 10 seconds
but other preset periods can be used. While the valve 124 1s
closed, in some configurations, exhaust gases cannot flow
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into the DPF 140. After the valve 124 has been closed, the
process 800 then ends. See 840.

I1, however, the temperature To has not been greater than or
equal to about 750 degrees Celsius for two or more consecu-
tive readings, instructions direct the determination of the
temperature differential across the DPF 140, given by To-TT,
in which To 1s as defined above and T11s the temperature at the
inlet of the DPF 140. See 8135. In some configurations, the
temperature 11T 1s measured by the thermocouple 152. Other
configurations also are possible. I1 the temperature differen-
tial To-"T1 across the filter 140 1s greater than or equal to about
450 degrees Celsius and To 1s greater than or equal to about
600 degrees Celsius for two or more consecutive readings,
instructions direct closure of the valve 124 and alarm activa-
tion, as described above. See 835. As above, the process 800
then ends. See 840.

11, however, the conditions above have not been present for
2 or more consecutive readings, mstructions direct the deter-
mination of Tt and TWAPPe, the latter defined as a time
weilghted average peak pressure calculation as disclosed in
U.S. Provisional Patent Application No. 61/594,158, which 1s
hereby incorporated by reference 1n 1ts entirety. See 820.

Pressure measurements on the upstream side of the DPF
140 can be a function of particulate loading, engine duty cycle
and, to some degree, temperature. In order to provide a more
robust pressure limit for identification of filter loading and
regeneration points, an averaging methodology was devel-
oped and disclosed 1n U.S. Provisional Patent Application
No. 61/594,158. This methodology combines an averaging
method with a peak and hold concept to determine not an
instantaneous pressure measurement on the upstream side of
the DPF 140 but a pressure that takes into account peak
pressures and engine 1dle pressures. The peak and hold func-
tion recognizes that there may be extended idle periods not
reflective of the level of particulate loading 1n the filter. The
time-weighted-average methodology preferably allows for
different time periods for the time-weighted average to be
calculated, from seconds 1n some embodiments to 15 minutes
or more 1n other embodiments.

The equation for TWAPPe may be given as follows:

TWAPPe,=A*TWAPPe, +B*0.5*TWA +
0.5*TWA +0.5*TWA )

where TWA 1s the running time weighted average of Pe for
X minutes, given by

TWA=2Fe,  /x2Fe, /x, etc.

= o |

Pe 1s defined as the instantaneous pressure on the upstream
side of the DPF 140 measured at 1 Hz frequency.

The coetlicients A and B are experimentally determined
coellicients based on particulate loading of the DPF 140.

To determine 1f a pressure threshold has been reached,

TWAPPe, _ 1s calculated as follows:

TWAPPe, . =IF(TWA, > TWAPFPe, TWAPPe, |)

Returning to FIG. 7B, 1f the temperature T1 1s greater than
or equal to about 600 degrees Celsius for more than five
consecutive readings and TWAPPe as calculated above 1s
greater than or equal to about 110 inches of H,O (see 820),
then 1nstructions direct closure of the valve 124 and activate
the alarm and activate the annunciator. See 835. The process
800 then ends. See 840.

I1, however, the conditions described above (see 820) have
not been met, then 1nstructions direct the performance of the
next process 900, illustrated 1n FIG. 7C. See 825.

FIG. 7C 1llustrates a method of operation that sets an alarm
code 11 specified temperatures are exceeded within the DPF
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140. After starting (see 905), instructions direct the determi-
nation of TWAPPe as defined above. See 910. It TWAPPe 1s

greater than or equal to about 200 inches of H,O for two or
more consecutive readings, instructions direct the closure of
valve 124 upon the next key OFF event. See 935. In addition,
instructions set an error code, set an alarm visible to the

operator, activate the annunciator, and block DPF regenera-
tion, for example but without limitation. See 935. Process 900

then ends. See 940.

If, however, TWAPPe has not been greater than or equal to
about 200 inches of H,O for two or more consecutive read-
ings, instructions direct the determination of TT, the tempera-
ture at the inlet of the DPF 140. See 915. If the temperature TT
1s greater than or equal to about 550 degrees Celsius for more
than thirty seconds, instructions direct closure of the valve

and alarm activation, as described above. See 935. As above,
the process 900 then ends. See 940.

If, however, the conditions described above (see 915) have
not been present for more than thirty seconds, instructions
direct the determination of Ts or the temperature at the outlet
of the safety device 100. See 920. In some configurations, the
temperature at the outlet of the satety device 100 1s measured
by the thermocouple 132, such as that shown 1n FIG. 3. If the
temperature T's 1s greater than about 100 degrees Celsius for
two or more consecutive readings, mstructions direct closure
of the valve and alarm activation, as described above. See
935. As above, the process 900 then ends. See 940.

If, however, the conditions described above (see 920) have
not been present for two or more consecutive readings,
istructions direct the performance of the next process 1000,
illustrated 1n FIG. 7D. See 9235.

FI1G. 7D 1llustrates a method of operation that sets an alarm
code and closes the valve 124 1t the exhaust aftertreatment
system 110 cannot diagnose an issue. After starting (see
1005), instructions direct the determination of proper perior-
mance of the thermocouples 152, 154, 132 and the valve
position sensors 404, 406 through rationality and continuity
tests. See 1010. It these tests fail, instructions direct the
closure of the valve 124 upon the next key OFF event, set an
error code, set an alarm visible to the operator, activate the
annunciator, and block DPF 140 regeneration. See 1020. The
process 1000 then ends. See 1025.

If, however, the thermocouples 152, 154, 132 and position
sensors 404, 406 do not fail the continuity and rationality
tests, the process 1000 ends. See 1015.

Theretfore, in some configurations as discussed above, the
ECU 410 will, in response to specified conditions, either
immediately close the satety valve 124 or close the valve 124
alter the key 1s turned to OFF. In both cases, the valve 124 will
desirably remain closed until the 1ssue that caused the ECU
410 to command the valve 124 closed 1s addressed.

In some configurations, conditions that may trigger imme-
diate closure of the valve 124 include evidence of a thermal
event within the DPF 140 as indicated, 1n one example, by an
clevated temperature To reading greater than or equal to about
750° Celsius; a temperature delta across the DPF 140, as
indicated by To-T1, of greater than or equal to about 450°
Celstus and a temperature To greater than or equal to about
600° Celsius; or high engine load with a loaded DPF 140, as
indicated by temperature T1 greater than or equal to about
600° Celsius and a TWAPPe greater than or equal to about
110 inches of H,O. In some configurations, other specified
temperatures and pressures may trigger immediate closure of
the valve 124 depending on the specifications of the type of
filter 130 used 1n the satety device 100, among other consid-
erations.
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In some configurations, conditions which trigger the valve
124 to be closed at the next key OFF event include, for
example, extended operation of the engine with no regenera-
tion of the DPF 140 and excessive backpressure indicated by
TWAPPe greater than or equal to about 200 1nches of H,O;
engine problems causing high temperatures at the filter inlet,
indicated by 11 greater than or equal to about 500° Celsius; or
temperatures exceeding about 100° Cels1us, as detected by
the thermocouple T's, which may indicate a failed rupture disk
in housing 128. In some configurations, other specified tem-
peratures and pressures may trigger the valve 124 to be closed
at the next key OFF event depending on the specifications of
the type of filter 130 used 1n the safety device 100, among
other considerations.

Although the present mnvention has been disclosed 1n the
context of certain preferred embodiments, examples and
variations, 1t will be understood by those skilled in the art that
the present invention extends beyond the specifically dis-
closed embodiments to other alternative embodiments and/or
uses of the invention and obvious modifications and equiva-
lents thereol. For example, 1n the event of serial production
requirements all of the system components can be rede-
signed/combined etc. for cost effective results. In addition,
while a number of variations of the invention have been
shown and described 1n detail, other modifications, which are
within the scope of this invention, will be readily apparent to
those of skill 1n the art based upon this disclosure. It 1s spe-
cifically contemplated that various combinations or subcom-
binations of the specific features and aspects of the embodi-
ments may be made and still fall within the scope of the
invention. It should be understood that various features and
aspects of the disclosed embodiments can be combined with
or substituted for one another 1n order to form varying modes
of the disclosed invention. Moreover, some variations that
have been described with respect to one embodiment and not
another embodiment can be used with such other embodi-
ments. Many other variations also have been described herein
and cross-application 1s intended where physically possible.
Thus, 1t 1s intended that the scope of the present invention
herein disclosed should not be limited by the particular dis-
closed embodiments described above, but should be deter-
mined only by a fair reading of the claims that follow.

What 1s claimed 1s:

1. A safety device for an exhaust gas aftertreatment system
comprising;

a valve located upstream of a first diesel particulate filter

and a second diesel particulate filter;

a pressure relief device located upstream of the second
diesel particulate filter; a controller configured to control
an actuator which operates the valve between an open
state and a closed state such that no exhaust flow passes
to the first diesel particulate filter when the valve 1s
closed when the system detects one or more of a prede-
termined temperature condition of the first diesel par-
ticulate filter, and a predetermined pressure condition
within the first diesel particulate filter, and a diagnostic
condition of the system; and wherein the pressure relief
device 1s a rupture disk.

2. The safety device of claim 1, wherein the valve 1s a

buttertly valve.

3. The safety device of claim 1, wherein the first diesel
particulate filter 1s a metal diesel particulate filter capable of
regeneration.

4. The safety device of claim 1, wherein the second diesel
particulate filter 1s one of a ceramic diesel particulate filter
and a silicon carbide diesel particulate filter.
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5. The satety device of claim 1, wherein the first diesel
particulate filter 1s larger than the second diesel particulate

filter.

6. The safety device of claim 1 further comprising an
annunciator such that the annunciator sounds if the valve 1s
closed.

7. The safety device of claim 1 turther comprising an
annunciator such that the annunciator sounds 11 the valve will
be commanded closed at the next key off event.

8. A safety device for an exhaust gas aftertreatment system
comprising;

a body containing a diesel particulate filter; an exhaust gas
inlet tube connected to an exhaust pipe, the exhaust gas
inlet tube connected to a first end of the body and
adapted to itroduce exhaust gas to the diesel particulate
filter;

an exhaust gas outlet tube connected to a second end of the
body adapted to emait treated exhaust gas;

a pressure relief device located within the exhaust gas inlet
tube upstream of the diesel particulate filter;

a valve located within the exhaust pipe upstream of the
exhaust gas inlet tube, such that the valve can redirect
exhaust gas 1nto the exhaust gas inlet tube 1n response to
one ol a predetermined temperature condition within a
main diesel particulate filter and a pressure condition
within the main diesel particulate filter such that no
exhaust tlow passes to the main diesel particulate filter
when the valve 1s closed; and wherein the pressure relief
device 1s a rupture disk.

9. The safety device of claim 8, wherein the valve 1s a

butterfly valve.

10. The safety device of claim 8, wherein the diesel par-
ticulate filter 1s one of a ceramic diesel particulate filter and a
silicon carbide diesel particulate filter.

11. The satfety device of claim 8, wherein the ratio of the
diameter of the exhaust gas inlet tube to the exhaust pipe 1s
less than 1.0.

12. The safety device of claim 8 further comprising an
annunciator such that the annunciator sounds if the valve 1s
closed.

10

15

20

25

30

35

14

13. An exhaust gas aftertreatment device comprising;

a first diesel particulate filter having a first exhaust gas inlet
connected to an exhaust pipe configured to introduce
exhaust gas 1nto the first diesel particulate filter and a
first exhaust gas outlet for emitting treated exhaust gas;

a second diesel particulate filter having a second exhaust
gas inlet connected to an exhaust pipe to introduce
exhaust gas 1nto the second diesel particulate filter and a
second exhaust gas outlet for emitting treated exhaust
gas wherein the second exhaust gas inlet further com-
prises a pressure relief device upstream of the second
diesel particulate filter; a valve located within the
exhaust pipe upstream of the first diesel particulate filter;
a control means for controlling operation of the valve
such that the valve 1s commanded closed and no exhaust
flow passes to the first diesel particulate filter when the
valve 1s closed when one or more of a predetermined
temperature condition 1s detected within the first diesel
particulate filter, a predetermined pressure condition 1s
detected within the first diesel particulate filter, and a
predetermined diagnostic condition 1s detected; and
wherein the pressure relief device 1s a rupture disk.

14. The exhaust gas aftertreatment device of claim 13,

wherein the valve 1s a butterfly valve.

15. The exhaust gas aftertreatment device of claim 13,
wherein the first diesel particulate filter 1s a metal diesel
particulate filter.

16. The exhaust gas aftertreatment device of claim 135,
wherein the first diesel particulate filter may be regenerated.

17. The exhaust gas aftertreatment device of claim 13,
wherein the second diesel particulate filter 1s one of a ceramic
diesel particulate filter and a silicon carbide diesel particulate
filter.

18. The exhaust gas aftertreatment device of claim 13,
wherein the ratio of the diameter of the exhaust gas inlet tube
to the exhaust pipe 1s less than 1.0.

19. The exhaust gas aftertreatment device of claim 13 fur-
ther comprising an annunciator such that the annunciator
sounds 11 the valve 1s closed.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

